INTRODUCTION
Supercapacitor is a new-generation energy storage device with excellent cycling stability, high power density and fast charge-discharge rate [1] [2] [3] [4] . In order to improve the capability of energy storage and overcome the application limitations caused by low energy density, researchers have devoted many efforts in designing and developing electrode materials with excellent properties [5] . Different nanostructured carbon materials, such as graphene [6, 7] , carbon nanotubes [8] [9] [10] , activated carbons [11] , carbon fibers [12] and porous carbons [13] , have been widely developed and applied to fabricate supercapacitors as electrode materials, primarily due to the high conductivity, physicochemistry stability and low cost. Recently, the porous carbon materials have shown broad application prospects in supercapacitors, owning to their large specific surface area, abundant porous structures and porosity [14] [15] [16] .
Furthermore, the pores with different pore sizes, such as micropores (<2 nm), mesopores (2~50 nm) and macropores (>50 nm), have a remarkable impact on the electrochemical performance [17] . Micropores, prepared by activation process which is a simple and efficient method, can dramatically increase the specific surface areas and provide more active sites [18] . However, the micropores, located on the surface of carbon material, limit rapid transportation of electrolyte ions and rate discharge capability [19] . In contrast, mesopores can accelerate the diffusion of electrolyte ions which improves rate capacity; and macropores can be used as buffer memories for ionic electrolyte which can shorten the distance of ion diffusion [18, 20, 21] . Therefore, the electrode materials with interconnected hierarchical porous structures, which combine the advantages of micropores, mesopores and macropores, exhibit excellent electrochemical performances and show great potential in supercapacitors. The template methods (hard and soft templates) can also optimize the pore structure by controlling the size of template, while they are not suitable for large scale applications due to the tedious preparation process, low porosity and high cost [22] [23] [24] . Therefore, it is essential to find a suitable and simple method for preparing electrode materials with interconnected hierarchical porous structures.
Due to the consideration of the increased pressures on fossil fuels and environmental issues, biomass-based carbon materials, as the renewable and clean carbon sources, have been recognized in the recent years [25] [26] [27] [28] [29] [30] [31] . As we all know, chitosan is a straight-chain polymer with abundant amino-group (-NH2) and hydroxyl-group (-OH), and it obtained from chitin by deacetylation reaction and widely existed in the nature [32] . The amino-and hydroxyl-groups successfully introduced the heteroatoms (nitrogen and oxygen) into carbon framework, which not only provide pseudo-capacitance, but also improve the wettability between electrode materials and electrolyte [33] . And the pseudo-capacitance is beneficial to the improvement of specific capacitance and rate capability of carbon materials [34] [35] [36] [37] . Hence, chitosan, a promising carbon material with good performances used for electrode, has been extensively studied in recently years. The three-dimensional porous carbon foam (PCF) showed a high energy-storage capacity of 246.5 F g −1 at 0.5 A g −1 in 3 mol L -1 KOH and an ultra-high power density of 25 kW kg -1 at an energy density of 2.8 W h kg -1 [38] . The N-doped graphene-based hierarchical porous carbon aerogel exhibited a specific capacitance of 197 F g -1 at 0.2 A g -1 and displayed excellent cycling stability with a capacitance retention of about 92.1% over 10000 cycles [39] . Zhu et al. recently reported that chitosan-derived carbonaceous materials was synthesized from hydrothermal treatment and KOH activation, which displayed high specific capacitance of 305 F g −1 at the discharge/charge current density of 0.5 A g −1 and the energy density of 8.5 Wh kg -1 at a power density of 1 kW kg -1 in 6 M KOH aqueous solution [40] . In this work, chitosan-based hierarchical porous carbon (CHPC) was successfully synthesized via a simplified and efficient method combining pyrolysis with KOH activation. The key of the method is most functional groups and organic structure decompose at 300 o C, which is beneficial for further activation of KOH and the production of interconnected hierarchical porous structure. The as-prepared CHPC exhibits high specific surface area of 863. 58 electrolyte. Compared with other chitosan-based carbon materials shown above, the current research work has greatly improved both in terms of structural characteristics and energy storage performances.
EXPERIMENTAL

Materials
Chitosan (260,000 Daltons, average molecular weight) was purchased from Sinopharm Chemical Reagent Co., Ltd. Potassium hydroxide and hydrochloric acid (HCl) were both bought from Tianjin Baishi Chemical Industry Co., Ltd. All chemicals were analytical grade and without any treatment.
Preparation of CHPC
Typically, chitosan was pre-carbonized at 300 
Characterization
The scanning electron microscope (SEM, Hitachi S4800) and transmission electron microscope spectra was performed on a Laser Confocal Micro-Raman Spectroscopy (LabRAM HR800) with an excitation wavelength of 532 nm and the argon ion laser source ranges from 600 cm -1 to 3600 cm -1 . The X-ray photoelectron spectroscopy (XPS) was obtained from Multifunctional imaging electron spectrometer (Thermo ESCALAB 250XI) with the Al-Ka as the monochromatic source. The binding energy was referenced to the C 1s peak located at 284.8 eV.
Electrochemical measurements
The electrodes were prepared by mixing the samples, acetylene black and polyvinylidene fluoride (PVDF) at the weight ratio of 8:1:1 in the N-methyl-2-pyrrolidone into slurry, then the mixture was applied liberally to the stainless steel mesh and dried at 45 o C for 10 h (1 cm × 1 cm, about 2.5 mg). All the electrochemical performances were texted on a CHI660E electrochemical workstation using galvanostatic charge-discharge (GCD), cyclic voltammetry (CV), and electrical impedance spectroscopy (EIS) techniques in the 6 mol L -1 KOH electrolyte. The GCD and CV texts varied the constant current from 0.5 to 10 A g -1 and the scan rate from 10 to 100 mV s -1 within the voltage range of -0.1-1.1 V, respectively. The frequency range for the EIS was from 0.01 to 10 5 Hz with the open circuit potential.
In the typical three electrode system (half-cell), platinum plate and a standard mercuric oxide electrode were served as the counter electrode and reference electrode, respectively. The specific capacitance (Csp, F g -1 ) of the electrode can easily be deduced by GCD curves based on the equation (1) [41]:
In the symmetrical two electrode system (full-cell), two electrodes with same mass were back to back and separated by the polypropylene membrane. Similarly, the specific capacitance (Ccell, F g -1 ) was also calculated according to equation (2) [42] :
The energy density (Ecell, W h Kg -1 ) and power density (Pcell, W Kg -1 ) were obtained through the equations (3) and (4) [43] :
Where I is the discharge current (A), Δt represents the discharge time (s), ΔV refers to the voltage window (V), and msp and mcell (g) are the mass of active materials on a single electrode and the two electrodes, respectively.
RESULTS AND DISCUSSION
Material characterization
The morphologies and porous structure of the CHPC-600 and CHPC11-600 were characterized by SEM and TEM photos. The SEM images (Fig. 1a and b) indicate that the CHPC-600 presents irregular bulk or particle structure with relatively smooth surface after carbonization. After the activation of KOH at the mass ratio of 1:1, the surface of CHPC11-600 exhibits densely opened macro-/mesopores with a diameter ranged from several to hundreds of nanometers according to Fig. 1c and 1d . The disordered porous structure was obviously formed after the chemical activation with KOH. These hierarchical pores interconnected with each other and developed porous network structure, which are conducive to the transportation of the electrolyte and improve the electrochemical performances [44] . The porous structure of CHPC11-600 can be observed more clearly in the TEM images. As is shown in Fig. 1e and f, the CHPC11-600 is characteristic of void space structure, and the partial overlapped voids confirm the porous network structure which is consistent with the results of SEM (Fig. 1c and 1d) . The interconnected porous structure largely shortens the ion transport distances and increases the diffusion speed of the electrolyte during the charge-discharge process, resulting in the improvement of rate performance [45] . In order to explore how the dosage of KOH influences the porous characteristic and the pore parameters of obtained carbon materials, N2 adsorption-desorption measurements were conducted. As shown in Fig. 2a , all of the three adsorption-desorption isotherms are similar in shape and have the typical characteristics of combination of type I and type IV [46] . What's more, the sharp rise in the adsorption capacity at the low relative pressure (P/P0 < 0.01) and the obvious hysteresis loop at the high relative pressure (P/P0 > 0.4), corresponding to the presence of abundant micropores and meso/macropores, respectively [47] . These results also confirm that the hierarchical porous structure does exist in carbon materials, caused by the pyrolysis and KOH activation. Additionally, it can be seen that the increasement of the dosage of KOH can dramatically impact the development of micropores and the adsorption capacity, and these also can be reflected by the pore parameters of the samples. As shown in Table 1 and volume of meso-/macropores are lower than CHPC11-600. The excess KOH results in the collapse of meso-/macroporous structure and forms more micropores which dramatically increase the surface area [49] . As shown in Fig. 2b , the micropore size of CHPC12-600 is mainly concentrated on 0.5-0.6 nm, which is lower than that of CHPC11-600. It is well known that abundant micropores with smaller pore size can augment surface area, but also impede the rapid transportation of electrolyte ions [50] . Therefore, the appropriate activating ratio of KOH to CHPC is a crucial parameter to regulate the surface area and pore structures which further decide the energy storage performances of the prepared carbon materials. The interconnected hierarchical porous structure and high specific area not only provide more spaces for energy storage, but also improve the transportation of electrolyte ions during the chargedischarge process, which have a positive effect on electrochemical performance and conductivity, especially the mass transfer resistance [51, 52] . [53] . It is noteworthy that a sharp weight loss at around 300 o C corresponds to the decomposition of functional groups and the organic structure of chitosan during pyrolysis [54] . Therefore, the pre-carbonation at 300 o C can produce some pores which are beneficial for the infiltration of KOH and the formation of interconnected hierarchical porous structure. And when the temperature reaches to 600 o C and 800 o C, the weight loss is around 64% and 69%, respectively, which show that chitosan has been carbonized. The XRD and Raman spectroscopies are usually employed to illustrate the crystal and graphitic structure of the samples. Fig.  3b and Fig. 3c give the XRD and Raman curves at four different carbonization temperatures. As shown in Fig. 3b , the obvious diffraction peaks at around 2θ=22 o~2 4 o can be observed, ascribing to the (002) crystal plane of graphitic carbon and suggesting the samples are graphitized which is beneficial for the increasement of electrical conductivity of carbon materials [55] . And the broad diffraction peaks confirm that as-prepared samples are amorphous carbons. Furthermore, the diffraction peak intensity at around 22 o~2 4 o was found to decrease gradually with the increasement of carbonization temperature from 500 o C to 800 o C, which suggests a decreased graphitization due to the decomposition of graphitic crystallites carbon atoms during activation process [56] . As displayed in the Fig. 3c , all the samples show two obvious characteristic peaks located at 1370 cm -1 (D-band) and 1594 cm -1 (G-band), which are related to the disorder and graphitic structure, respectively [57] . The intensity ratios of G-band and D-band (IG/ID) usually demonstrate defective degree of the samples. As shown in Fig. 3c , the decreasing IG/ID ratio implies the generation of more defects though increasement of graphitization resulting from the higher carbonization temperatures [58] . The 2D band centered about 2859 cm -1 is the second order of the D band, which is sensitive to the number of graphene layers and indicates existence of multilayer graphene-like structure [59, 60] . And the decreased graphitization is in good agreement with the analysis of the XRD. The surface elemental compositions and chemical bonding state of the CHPC11-600 are further investigated by the XPS (Fig. 4) . In the Fig. 4a , the three obvious speaks locate at 284.4, 400.7 and 531.4 eV, corresponding to C1s, N1s and O1s, respectively. The heteroatoms (nitrogen and oxygen) are beneficial for the promotion of electrochemical performance, because they not only provide the pseudocapacitance but also improve the wettability between electrode material and electrolyte [61] . Highresolution XPS spectra are employed to analysis the electronic and atom binding states. The N1s is decomposed into three peaks located at 398.5, 400.3 and 404.8 eV, which associated with pyridinic-N, pyrrolic-N and graphitic-N, respectively [62] . In particular, the first two (pyridinic-N and pyrrolic-N) focus on improving the specific capacitance by introducing pseudocapacitance, while quaternary graphitic-N can increase conductivity [63] [64] [65] . And the three peaks lie in 531.2, 532.4, and 533.4 eV of O1s spectra, corresponding to C=O, C-O, and O=C-O groups which contributes to the enhancement of wettability of materials [66, 67] . The effects of activation temperature on electrochemical properties of the prepared porous carbon materials are shown in Fig. 5 . The CV curve of CHPC11-500 shows irregular and small square shape, and the low capacitance caused by poor carbonization are confirmed by the GCD curves in Fig. 5b . The CV curves show obvious redox peaks at 600 o C, mainly owing to the pseudo-capacitance resulted from nitrogen atom in the framework of CAC11-600 [68] . With the increasing of activation temperature, the shape of the CV curves become more close to rectangle, suggesting that the electric double-layer capacitive behavior plays a more important role in the electric storage systems, while the effect of pseudo-capacitance has been minimized [69] . More obviously, the area bounded by the CV curve reaches the maximum at 600 o C, corresponding to the highest capacitance, which is demonstrated to the Fig. 5b and Fig. 5d . Accordingly, the specific capacitance of CHPC11-600 is up to 310 F g -1 at 1 A g -1 ,
Electrochemical characterization
which is much higher than that of CHPC11-500 (202 F g -1 ), CHPC11-700 (256 F g -1 ) and CHPC11-800
(246 F g -1 ).
The specific capacitance values hint that the activation temperature is a significant condition to determine the electrochemical properties of the prepared carbon materials. The EIS test is also useful to evaluate the electrochemical properties of the chitosan-based porous carbon materials. From the Fig. 5c , a half semicircle and the intercept at the real axis in the high-frequency range and a line at low-frequency are shown, which represent the charge-transfer resistance (Rct), the solution resistance [70] and the ionpenetration diffusion process, respectively [69] . The CHPC11-600 electrode has a semicircle with smallest diameter and a vertical curve, implying the fast charge transfer (lowest Rct) and ionic diffusion feature compared with others. So, the optimized activation temperature is 600 o C to get the best electrochemical properties. The analyses show that the higher activation temperature improves the conductivity of CHPC11-600, but the too high temperature does reduce the effect of pseudo-capacitance in electrochemical performance. Based on the points of high specific area, the optimized pore number and size, and the reasonable conductivity, the ideal activating carbonization temperature is 600 o C. Fig. 6 gives the electrochemical performances of the CHPC by changing the activation ratio of powder/KOH. The CV curves of the samples after KOH activation all deviate from the shape of a typical rectangle with obvious oxidation and deoxidization peaks, which is ascribed to the nitrogen atom existed in the carbon materials [42] . Furthermore, as the powder/KOH ratio increases, the CHPC11-600 displays the optimal electrochemical performance ( Fig. 6a and b) , resulting from the appropriate specific surface and pore size as listed in Table 1 . Although micropores can significantly increase specific surface area of CHPC12-600, it decreases the average pore width and increases the diffusion resistance of electrolyte ion into samples. The Nyquist plots (Fig. 6c) determines the effects of KOH on diffusion and transfer resistance. Compared with other samples, the CHPC11-600 curve has a semicircle with smallest diameter at high-frequency and a biggest slope at low-frequency, implying the fast charge transfer (lowest Rct) and ionic diffusion speed. Rate capability of CHPC is the key to the application in energy materials and it is evaluated by GCD curves under various current densities according to the equation (1) . As the current density increases from 1 A g -1 to 10 A g -1 , the capacitance of CHPC11-600 gradually decreases from 310 F g -1 to 231 F g -1 and the retention rate reaches 75%, indicating the good rate property which can meet the demand of SCs under high current density. The long-term electrochemical stability of CHPC11-600 is estimated by GCD curves at 10 A g -1 (Fig. 7c) . After 10000 cycles, the capacity still remains 80%, demonstrating the excellent stability. A small reduction in capacitance is mainly due to the reduction of diffusion time for ions into the electrode surface [71] . To explore the energy and power density, the GCD curves of CHPC11-600 was tested in two-electrode system using 6 mol L -1 KOH as electrolyte. The
Ragone plot (Fig. 7c) shows that energy density is about 25 W h kg −1 (with the power density of 900 W Kg −1 ) at 0.5 A g −1 , whereas it remains as high as 12.5 W h kg −1 (with the power density of 18000 W Kg −1 ) at 10 A g −1 for CHPC11-600, much superior to that of the other biomass-based electrode materials [72] [73] [74] and the commercial devices [75] . As shown in Tab. 2, the comparison of the as-prepared sample with other biomass-based carbon materials confirms that the CHPC11-600 exhibits excellent specific capacitances and rate capability which can be used as a promising candidate for high performance electrode material.
CONCLUSIONS
In summary, chitosan-based hierarchical porous carbon materials were synthesized using bioderived chitosan as carbon source via a simplified and efficient method combining pyrolysis with KOH activation. The mass ratio of power/KOH and the activation temperature play vital roles in enhancing the electrochemical performance. The appropriate mass ratios of power/KOH can increase the BET surface area (863.58 m 2 g -1 ) and turns large lump materials into nanomaterials with hierarchical porous structure. Moreover, the appropriate activation temperature also contributes to the promotion of graphitization degree and pseudo-capacitance which can improve conductivity and charge storage capability. The CHPC11-600 exhibit a high capacitance up to 310 F g -1 at 1 A g -1 and also is excellent in rate capability (231 F g -1 at 10 A g -1 ) and cycling stability (remains 80%). The performances of the obtained carbon materials demonstrated that using renewable and environmentally friendly bio-derived carbon as precursor to produce electrode materials is a potential way for the application in energy storage systems.
